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Abstract 
 
The health of the forest seedlings can be translated also through growth vigor, and this directly affects the quality 
of stands regeneration and the production costs of the afforestation material. Mycorrhiza is a symbiotic association 
(mycorrhizal association), of bio system type, mutually beneficial (bilateral positive), made up of the mycelium of a 
fungus and the roots of herbaceous or woody plants. In trees, the relationship between the fungus and the plant is 
particularly important; many woody species cannot exist in the absence of mycorrhiza. The aim of the research is to 
find effective methods of inducing and stimulating ecto mycorrhiza in forestry nurseries and to determine their 
influence on biometric features of the oak seedlings, growth vigor and health status, in the early years of life, 
respectively. 
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1.  Introduction 
 
 
 
Among the cultural and protective measures 
that can be applied in order to ensure a sustainable 
forest management, one of the theoretical way and 
practical possibilities of lifting the vigor and health 
of the seedlings that will constitute the population of 
future stands, is the induction or stimulation of 
mycorrhiza in soil of forest nurseries where is 
produced the forestation needed material 3, 7, 9, 
16]. Mycorrhiza is a symbiotic association 
(mycorrhizal association), of bio system type, 
mutually beneficial (bilateral positive) made from 
the mycelium of a fungus and the roots of 
herbaceous or woody plants. 
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In trees, the relationship between the fungus 
and the plant is particularly important, because 
many woody species cannot exist in the absence of 
mycorrhiza. Almost all the families of angiosperms 
(except Chenopodiaceae and Cruciferous) present at 
least some species, which perform mycorrhiza. 
Also, mycorrhiza is a frequently encountered in 
gymnosperms [7]. 
The installation of an ecto mitosis may be 
performed with a mycelium filament that 
approaches to rhyzodermis and forms an external 
hypha mantle around the root. Over time, the 
hyphae form a network in the space between the 
cells, which finally generate the short intracellular 
hyphae. The entire construct serves the transport of 
water and mineral salts from the root, through stem, 
to the tree crown, to feed the foliage.   
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By large taxonomic groups, the situation of 
mycorrhizal fungus with importance for forest 
species, is as follows: Ascomycetes include 4 
orders, 8 families and 17 genera; Basidiomycetes - 8 
orders, 32 families and 111 genera [1, 5, 14, 16].  
The largest order is Agaricales the number of 
species - 195 species, followed by the order 
Aphyllophorales with 49 species. In decreasing 
order the number of species in the family, situation 
in the first 10 is as follows: family 
Tricholomataceae - 72 species Poliporaceae - 32 
species, Russulaceae - 30 species, Cortinariaceae - 
26 species, Agaricaceae - 22 species, Boletaceae - 
20 species, Coprinaceae -15 species Strophariaceae - 
14 species, Pluteaceae - 11 species, Amanitaceae - 
10 species [3].  
 Previous research [4, 8, 9, 11, 16] showed 
that mycorrhiza develops on the seedling roots, 
whether or not they were induced, wherever found 
favorable soil conditions and nutrition. The only 
problem is that the time needed for their full 
biological role can sometimes take more than the 
duration of culture, in case of forest nurseries [1, 13, 
15]. 
 The aim of the research is to find effective 
methods of inducing and stimulating ecto 
mycorrhiza in forestry nurseries, and to determine 
their influence on biometric features in oak 
seedlings, growth vigor and health in the early years 
of life, respectively [2, 6, 10, 12]. 
 
2. Material and Method 
 
Knowing the crucial role of mycorrhiza in the 
forest species life, through this experiment we tried 
to stimulate the realization of this symbiosis in the 
first year of seedlings life. 
To determine the effectiveness of different 
methods of inducing and stimulating mycorrhiza, 
there have been chosen two nurseries. One of them 
is newly established. Until cultivation of forest 
species, it was used as farmland (Keria Balan 
Nursery), and we can assume that in the soil do not 
exist these symbiotic associations, they being made 
only with woody species. The second nursery is a 
classical one, were oak species are cultivated for a 
long time, so it is assumed that these symbiotic 
relationships were present in the soil to a great or 
less extent. 
The used mycorrhiza substrates are detailed 
as follows. The first, V2 - humus harvested from 
stands in which were found along time a large 
abundance of macromycete forming mycorrhizae (in 
the U.P. IV Jac, Forestry Department Zalau). The 
second, V3 - forest humus, harvested from stands 
were it was not identified a specific abundance of 
macromycete mushrooms, that can perform 
mycorrhizae. The fourth, V4 - roots of trees, shrubs 
and seedling, strong mycorrhized from which it was 
prepared a slime, used to bathe acorn before 
seeding, and with the resulting water, there were 
watered the drains after sowing. 
Humus was added in gutters before sowing, 
using humus 500 cm3 by meter of gutter. 
Four experimental variants, with three repetitions 
were used. Also, 350 acorns were used by variant, 
for three forest species: turkey oak, sessile oak and 
red oak. The percentage of seedlings emergence and 
durability was determined, and two biometric 
measurements of characteristics of seedlings, have 
been conducted in spring and autumn. 
The biometric elements analyzed were: the 
collet diameter, height, number of fine rootlets, 
number of leaves, mass of 10 saplings in dry 
condition, pivot size. 
The significance of differences was 
calculated, using Duncan test and the significance of 
correlations between obtained mean values it was 
done using the ”t ” test. 
 
3. Results and Discussions 
 
The health of the seedlings can be translated through 
the vigor of growth, and this directly affects the 
quality of trees regeneration and production costs of 
the afforestation material. 
 In turkey oak specie, where we obtained the 
biggest differences between treatment options, we 
tried to determine how mycorrhiza manner 
influences the most important biometric features. 
Measurements were made at the end of June and end 
of September (Table 1). 
Measurements taken after a vegetation season shows 
that control variant was exceeded by all other 
treatment options, represented by all other three 
variants, in respect of all biometric analyzed traits 
(Table 2). 
Table 3 shows statistically significant 
differences concerning collar diameter (Fcalc 5.95> 
0.05 F 4.07) and number of rootlets (Fcalc 5.95> 
0.05 4.07 F). The number of leaves remained 
unchanged compared to the measurements 
performed in spring. Concerning the height increase, 
it was not found a second growth, in consequence, 
nor differences compared to results obtained during 
performing the spring measurement. This situation 
may be explained by the high temperatures reported 
in the summer of 2015. Also, there is a decrease of 
the differences between the mass of the 10 seedlings 
taken into consideration. 
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Table 1.  The biometrical characteristics of turkey oak (Quercus cerris)   
Variant  
 
Repetition  
Collar  
diameter 
  Rootlets   Leaves  Sout length 
 
Height 
Mass of 
10 
seedlings 
mm no no cm cm g 
V1 
R1 4.21 21.56 6.66 28.56 9.09 36,78 
R2 4.58 21.44 6.43 25.11 9.74 39,67 
R3 3.78 22.75 7.66 34.66 10.46 41,26 
V2 
R1 5.44 26.56 7.23 33.84 11.13 48,79 
R2 4.60 26.78 7.46 29.17 11.8 45,38 
R3 5.28 27.18 6.88 35.12 11.05 44,18 
V3 
R1 4.65 21.44 7.31 24.67 10.25 40,22 
R2 4.26 22.13 7.53 35.25 10.25 41,66 
R3 4.67 24.21 7.5 29.27 10.87 41,21 
V4 
R1 4.98 22.33 7.1 25.11 9.95 39,65 
R2 5.26 27.89 7.22 27.89 10.24 47,89 
R3 5.19 22.13 7.23 30.28 10.11 38,17 
Mean for control variant 4,19 21.92 6.92 29.44 9.76 39.24 
Mean for rich mycorrhized 
humus variant 
5,11 26.84 7.19 32.71 11.33 46.12 
Mean for poor 
mycorrhized humus variant 
4,53 22.59 7.45 29.73 10.46 41.03 
Mean for puddling from 
mycorrhized roots variant 
5,14 24.12 7.18 27.76 10.10 41.90 
 
 
 
 
Table 2. The variance analyze for variant influence determination of mycorrhyses on biometrical 
characteristics of pedunculated turkey oak (Quercus cerris), seedlings - after season of vegetation 
Analyzed trait Variation source SPA GL S2 
F 
calculed 
F 
tehoretical  
0,05 
F 
theoretical 
0,01 
Collar diameter 
-mm- 
total  2.803167 11 0.25 
5.94* 
4.07 7.59 
 
between treatment variants 1.935367 3 0.64 
between repetitions-Errors  0.8678 8 0.10 
No.  rootlets 
total  69.76 11 6.34 
4.28* between treatment variants 42.98 3 14.33 
between repetitions-Errors  26.78 8 3.35 
Stout length 
-cm- 
total  150.34 11 13.67 
1.05 between treatment variants 42.44 3 14.15 
between repetitions-Errors  107.90 8 13.49 
Mass of 
10 seedlings 
-gr- 
total  154.24 11 14.02 
2.63 between treatment variants 76.54 3 25.51 
between repetitions-Errors  77.70 8 9.71 
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Table 3. The establishment of differences importance for turkey oak (Quercus cerris) seedlings collar 
diameter in different mycorrhyses variants according to Duncan test  
                             Treatment variant Experimental differences between 
mycorrhisated variants 
 Mean, g 
1.1.1.1  
V4 V3 V1 
V2 - rich mycorrhized humus  5.14 0.03 0.61 0.95** 
V4- puddling from mycorrhized roots  5.11 
- 0.58 0.92** 
V3 - poor mycorrhized humus  4.53 
- - 0.34 
V1- agricultural soil, control  
4.19 - - - 
Ds5% =0.62-0.66; Ds1% = 0.85-0.93. 
 
 
 
The collar diameter is a very important trait in 
determining the suitability criteria to be planted 
seedlings. It had values between 4.18 mm and 5.14 
mm. There were recorded significant differences 
between control and experimental variants, with 
humus (V2), mycorrhizae (V3), and mycorrhized 
slime roots, recording values by 12% and 13% 
higher (Fig. 1, Table 4). Regarding the number of 
rootlets, it is known that their number and 
arrangement affects the nutrition process. 
Practically, they develop a very close relation 
with mycorrhizae. Differences between control and 
experimental variants V1, V2, V3, and V4 may be 
easily observed at a glance. By applying Duncan 
test, significant differences were recorded between 
all experimental variants and control (Table 5). 
 
 
 
 
Table 4. The establishment of differences importance for the fine rootlets numbers (< 5 mm) of turkey 
oak(Quercus cerris) seedlings in different mycorrhyses variants according to Duncan test 
Treatment variant 
Experimental differences between mycorrhisated 
variants 
 Mean, g 
1.1.1.2  
V4 V3 V1 
V2 - rich mycorrhized humus  26.84 
2.72 4.25* 4.92* 
V4- puddling from mycorrhized roots  24.12 
 1.52 2.20 
V3 - poor mycorrhized humus  22.59 
  0.68 
V1- agriculturall soil, control  21.92    
Ds5% =3.44-3.68; Ds1% = 4.71-4.87. 
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a.                                             b. 
 
Figure 1. The difference between the number and size of fine rootlets between control (a) and the strongly mycorrhizal 
humus variant (b) 
 
 
Table 5. Correlation table between seedling biometric characteristics and mychorrization variant  
– autumn measurements 
Trait 
No. of rootlets 
>5mm 
No. of leaves Pivot length Height 
Mass of 10 
saplings 
v1 - agricultural soil (control) 
Collar diameter -0.721ooo -0.698 ooo -0.707 ooo -0.323 -0.144 
No. of rootlets 
>5mm  
0.668*** 0.591*** 0.392* 0.286 
No. of leaves 
  
0.642*** 0.401* 0.331 
Pivot length 
   
0.256 0.267 
Height  
    
-0.734 ooo 
v2 - rich mycorrhized humus 
Collar diameter -0.124 -0.196 0.494** -0.501 oo 0.176 
No. of rootlets 
>5mm  
-0.355 0.266 -0.261 0.723*** 
No. of leaves 
  
-0.526 oo 0.379 0.364 
Pivot length 
   
-0.721 ooo -0.172 
Height  
    
-0.212 
v3 - poor mycorrhized humus 
Collar diameter -0.249 -0.324 -0.255 -0.414 oo -0.319  
No. of rootlets 
>5mm  
0.597*** 0.166 0.655*** 0.439** 
No. of leaves 
  
0.444* 0.387* 0.596*** 
Pivot length 
   
-0.075 0.698*** 
Height  
    
0.212 
v4- puddling from mycorrhized roots 
Collar diameter 0.162 0.663*** 0.125 -0.711 ooo 0.332 
No. of rootlets 
>5mm  
0.141 0.013 0.331 0.783*** 
No. of leaves 
  
0.376* 0.211 0.308 
Pivot length 
   
0.248 -0.098 
Height  
    
-0.278 
t 0.05 = 0.374;            t 0.01= 0.479;           t 0.001= 0.588 
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Concerning the relationships between the 
different biometric seedlings traits, independently 
by each variant, we may see that more and stronger 
correlations are reported in control, followed by 
experimental variant V2 (humus). Concerning the 
other experimental variants (V3 and V4), only 
between the number of rootlets and mass of the 10 
seedlings, may be reported a very significant 
correlation (as bilateral t test) in both variants. 
 
4. Conclusions  
 
After applying substrates that track 
installation and stimulation of the development 
of symbiotic relationships of ecto mycorrhiza type 
in forest nurseries, result a series of conclusions as 
follows: 
 How the amount of fructiferous bodies that 
appear in a phytocoenosis is closely related 
to the mycotrophism intensity and with the 
role of the various species of mushrooms. It 
is recommended that when humus destined 
for nursery use is harvested, to take into 
account the abundance and dominance of 
macromycetes that have the capacity of 
performing easily mycorrhizae with species 
of oak, this being the easiest way for 
forestry workers. 
 In Keria nursery, where prior to acorns 
sowing, the field have agricultural use, the 
emergence percentage was better for all 3 
species belonging to experimental variant 
involving mycorrhized humus (84% to red 
oak, 81% turkey oak and 74% in durmast). 
It was followed by the experimental variant 
V4, where acorns have mycorrhized slime 
roots. In variant with humus (V2) there are 
reported increases by 1-3 %, compared to 
control. In turkey oak (Quercus cerris) there 
were reported distinct significant 
differences of emergences between the 
variant V3 (addition of mycorrhized humus) 
to all other experimental variants (V1 - 
control, V2, and V4). 
 The presence of mycorrhizae was also 
reported in control, but in the second half of 
the growing season, and the frequency and 
degree of colonization is much lower, as 
demonstrated by the higher number of 
rootlets reported in mycorrhized 
experimental variants.  
 The measurements of biometric features 
performed in spring state that there are 
significant differences in terms of mass of 
10 seedlings, in all experimental variants 
compared to control, seedlings of these 
variants exhibiting increased growth vigor. 
 The measurements of biometric features 
performed in autumn reveal differences 
concerning the collet diameter. Distinct 
significant differences are reported between 
control and experimental variants with 
mycorrhized slime roots (V4), and 
mycorrhized humus (V3), or a greater 
number of rootlets in seedlings that benefit 
of this type of substrate. 
 In Gherla nursery (central forestry nursery), 
acorn sown with an addition of humus 
derived from stands with an abundance of 
mycorrhiza macromycetes had a 
germination rate by 8% bigger compared 
control, in turkey oak, by 5% in durmast, 
and by 1% in red oak, where the 
percentages of emergence in all 
experimental variants are almost equal. 
 The seedlings of variants treated with 
mycorrhiza humus and mycorrhiza slime 
were active for longer time than the rest of 
seedlings, their leaves being green longer 
time in the growing season.  
 
 
References  
 
[1] Alves, S.A., D. Schmitz-Zeitz, 1996, Study of the 
mycorrhizal status of fine roots of urban oaks. 
Mitteilungen der Versuchsanstalt fur Pilzanbau der 
Landwirtschaftskammer Reinland, 18, 63–70.  
 
[2] Baxter J.W., S.T.A. Pickett, M.M. Carreiro, J. 
Dighton,1999, Ectomycorrhizal diversity and community 
structure in oak forest stands exposed to contrasting 
anthropogenic impacts. Canadian Journal of Botany 77, 
771- 783. 
 
[3] Chinan V., 2010,  Cercetări taxonomice asupra 
macromicetelor din mlaştinile situate în zona montană a 
judeţului Suceava- Teză de doctorat, Universitatea 
Alexandru Ioan Cuza, Iaşi. 
 
[4] Fodor E., 2004, Biodiversitatea ciupercilor de 
micoriză la gorun, în arborete afectate şi neafectate de 
uscare din nord-vestul României, Analele ICAS. 
 
[5] Harley J.L., S.E. Smith, 1983, Mycorhizal Symbiosis, 
ed. I, Academic Press, London. 
 
[6] Haselwandter K., 1997, Soil micro-organism, 
mycorrhiza and restoration ecology. Academic Press, 
London. 
 
[7] Grebenişan I., 2009, Microbiologie, Note de curs, 
USAMV Bucureşti. 
 
575 
TĂUT Ioan and Vasile ŞIMONCA/ProEnvironment 8(2015) 570 - 576 
 
 
 
[8] Lupe I.Z., Z. Spîrchez, 1955, Cercetări privind tehnica 
de creare a perdelelor de protecţie în Câmpia Ardealului. 
Analele Institutului de Cercetări Silvice. Ed. Agro-Silvică 
de Stat, Bucureşti. 
 
[9] Malschi D., 2014, Biotehnologii si depoluarea 
sistemelor ecologice, Editura Bioflux, Cluj-Napoca. 
 
[10] Marx, D.H., L.F. Marrs, and C.E. Cordell, 2002, 
Practical use of mycorrhizal fungal technology in 
forestry, reclamation, arboriculture, agriculture, and 
horticulture, Dendrobiology 47, 27–40. 
 
[11] Pîrvu  M., 2008, Ghid practic de fitopatologie, Ed. 
Presa Universitară Clujeană. 
 
[12] Rao B., B. Jeffers and L. Burkhart, 2000, Effects of 
fertilization and mycorrhizae on newly planted red oaks 
and sugar maples. In: Siewart A. et al. (Eds.). Tree and 
Shrub Fertilization: International Conference on Tree and 
Shrub Fertilization. Fairlawn, OH, 105–120. 
[13] Stenstrom  E., E. Damm,  T. Unestam, 1998, Le role 
des mycorhizes dans la protection des arbres forestiers 
contre agents pathogens du sol, Revue Forestiere 
Francaise, 3, 63-71. 
 
 
[14] Trudell S., 2003, Mycorrhizas (4), the 
ectomycorrhiza community: uncovering the foundation of 
our temperate forests. MycoWeb: Mushrooms, Fungi, 
Mycology. http://www.mykoweb.com/articles/Mycorrhiz 
as _4.html. 
 
 
[15] Urbanska K.M., N.R. Webb, P.I. Edward (Eds.), 
1997, Restoration Ecology and sustainable development, 
Cambridge University Press. 
 
[16] Walker J., 2003, Diversity and ecology of 
mycorrhizal fungi associated with oak seedlengs in the 
Appalachian Mountains, Phd Thessis, University 
Blacksburg, Virginia, USA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
”This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution and reproduction in any medium, provided the original author 
and source are credited.” 
576 
